節点重み最大クリーク抽出に基づく量子回路の深さ最小化 (計算機科学基礎理論の新展開) by 名久井, 行秀 et al.
Title節点重み最大クリーク抽出に基づく量子回路の深さ最小化 (計算機科学基礎理論の新展開)
Author(s)名久井, 行秀; 西野, 哲朗; 富田, 悦次; 中村, 知倫




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
(Yukihide Nakui) * (Tetsuro Nishino) \dagger
(Etsuji Tomita) \dagger (Tomonori Nakumura) \dagger
*
(The Graduate School of ElectrO-Communications)
\dagger
































$U|x)=|y\rangle$ , $(UU^{*}=U^{*}U=I)$ . (2)
,
.
$|x\rangle$ $|x\rangle$ , $V$
. , $\alpha,$ $\beta\in c$ ,
$\alpha|x\rangle+\beta|y)\in V$, $|\alpha|^{2}+\beta|^{2}=1$ (3)
. ( )
,
2 , $|x$ )







NOT ( $\overline{x}$ )
,
$N\equiv\{\begin{array}{ll}0 11 0\end{array}\}$ (4)
.
$\forall x\in\{0,1\}$ , $N|x)=|\overline{x}\rangle=|\mathrm{N}\mathrm{O}\mathrm{T}(x))$ (5)
. NOT
, 1 .
32 ( $\mathrm{C}$-NOT )
$\forall x,y\in\{0,1\}$ ,






$C_{y}^{l}\equiv|0\rangle\langle 0|\otimes I+|1$ )( $1|\otimes N$ (7)
.
$\forall x,y\in\{0,1\}$ , $C_{y}^{x}|x,y\rangle=|x,x\oplus y)$ (8)
. $N$ (4)
, $I$ , . , $x\oplus y=$
EXOR(x, $y$) , $x$ $y$ .
NOT (controlled NOT





,. $x=0$ , $N$ , $|x,$ $y$ )
. ( $\mathrm{O}\oplus y=y$ ). $x=1$ , $N$ , $|x,\overline{y}\rangle$
. ( $1\oplus y=\overline{y}$ )
. $|x$ )
(control bit), $|y\rangle$ (target bit) .
33(Toffoli )













$x_{n}\}\otimes U|y\}$ , if $x_{1}\wedge\cdots\wedge x_{n}=1$
$|x_{1},$
$\ldots,$ $x_{n},$
$y)$ , if $x_{1}\Lambda\cdots\wedge x_{n}=0$
(9)
. , $a\wedge b$ $a,$ $b$ .
$U$ $U=N$ ? $\Lambda_{n}N$ $(n+1)$
Toffi $T_{\mathrm{y}}^{\varpi}$ . ,
3 \mbox{\boldmath $\tau$} .
$n=0$ Toffoli , NOT $N$
. , $n=1$ , $\mathrm{C}$-NOT









$U_{f- \mathrm{C}\cdot \mathrm{N}\mathrm{O}\mathrm{T}}|x)|y\}=|x)|y\oplus f(x))$ (10)
(f-C-N$\mathrm{O}\mathrm{T}$ [1])
. f-C-NOT , function-controlled-
NOT .
, (f-C-NOT
) :. $|x$} , $n(\geq 1)$ ,










$\equiv(\prod N_{x:})T_{y}^{x}(\prod N_{\varpi:})$ (11)
NOT 1 $(n+1)$
$\}\backslash$ Toffoli . $N_{\varpi_{i}}$
$T_{y}^{x}$ , , $i$ qubit
NOT
$x$ 1 $y$ Toffoli
. , f-C-NOT ,
$U_{f- \mathrm{C}\cdot \mathrm{N}\mathrm{O}\mathrm{T}}= \prod M_{y}^{x}$ (12)
, .
, , $m(x)$ $m(x)=1$
$x$ ( , true miniterm

































$H(g)=H(g0_{1}g_{1}, \ldots,g\xi-1)=.\wedge S:N-1|=0=1$ (13)
, $S_{*}$. $=(_{g\in T-}j\oplus gj)\oplus f(a:)\oplus 1$ , $N$ ,
$(=2^{n}),$ $\xi$ ,
$(=3^{n})$ . , $T_{1}$. , $i$
. $f(a:)$ , $i$
1
$f$ . $(f(a:)\in\{0,1\})gj$ , $gj=1$
, $i$ $gj$ , ESOP
.
, $s_{\dot{l}}$ , $i$ , ( ,
true minterm ,
false minterm )
. , $H(\mathit{9}\mathit{0},g_{1}, \ldots,g\epsilon-1)=$
$1$ , ,
.
, ESOP , $H(g)=1$
$g$ ,





$H(g)$ $=$ $H(g_{\mathrm{O}}, g_{1}, \ldots, g_{8})$
$=$ $(g0\oplus g_{4}\oplus g_{6}\oplus g_{8}\oplus f(0,0)\oplus 1)$
$.(g_{1}\oplus g_{4}\oplus g_{7}\oplus g_{8}\oplus f(0,1)\oplus 1)$
$.(g_{2}\oplus g_{5}\oplus g_{6}\oplus g_{8}\oplus f(1,0)\oplus 1)$
$.(g_{3}$
.
$\oplus g_{8}\oplus g_{7}\oplus g_{8}\oplus f(1,1)\oplus 1)=\mathrm{I}14)$























, 2 Helliwell (14)
, . ( , $f(0,0)$
given . )
$\{$
$g_{0}\oplus g_{4}\oplus g_{6}\oplus g_{8}=f(0,0)$
$g_{1}\oplus g_{4}\oplus g_{7}\oplus g_{8}=f(0,1)$
$g_{2}\oplus g_{6}\oplus g_{6}\oplus g_{8}=f(1,0)$








. 1 $N$-ESOP $N-1$
$3$-ESOP .
1 N-ESOP , $N-1$






, $1\oplus x=\overline{x}$ .
5: (16)
, (15) , , -ESOP
. , $f(0,0)$
, given , $f(0,0)$
, 2-ESOP .
$\text{ }$ , , 1 N-
ESOP $N-1$ 3-ESOP ,
,
$O(N)$ .
. , , (18)











. , $a_{1}’a_{2}’\cdots a_{m}’$ $a_{1}’’a_{2}’’\cdots a_{m}’’$
, $l,$ $(1\leq l\leq m)$ , $a_{l}’\neq X$
$a_{l}’’\neq X$ , $a_{l}’=a_{l}’’$ ,
$a_{1}’a_{2}’\cdots a_{m}’$ $a_{1}’’a_{2}’’\cdots a_{m}’’$ , .








. ( 6 )
6.1
$N$-ESOP , $N-1$ ESOP .
62
, 1 3–ESOP . , (17)
$\overline{y_{01}}\oplus g_{0}\oplus g_{4}=1$ (18)
.
, 3-ESOP ,
. , $a_{1}’a_{2}’\cdots a_{m}’(a’.\cdot\in$




$\mathfrak{y}$ $arrow \mathrm{c}$ $b\mathrm{h}6$ .
if $a$ : 3-ESOP , .
(19)
, $A=\{a_{1}, a_{2}, \cdots, a_{m}\}$ ,
$N$-ESOP
. , (16) , $A=$
{ $y_{01},y_{02},$ go, $g_{1},$ $\ldots,$ $g\epsilon$ } . , (18)
,
$y\mathrm{o}\iota$ $y02$ go $g_{1}$ $g\mathrm{a}$ $g\mathrm{s}$ $g_{4}$ $g\epsilon$ $g\epsilon$ $g\tau$ $g_{8}$
1 $X$ 0 $X$ $X$ $X$ 1 $X$ $X$ $X$ $X$
1 $X$ 1 $X$ $X$ $X$ 0 $X$ $X$ $X$ $X$ (20)
0 $X$ 0 $X$ $X$ $X$ 0 $X$ $X$ $X$ $X$
0 $X$ 1 $X$ $X$ $X$ 1 $X$ $X$ $X$ $X$





. , 6 ,
(17) , 3 , 6 ,
,
. 6 1






































$g\dot{.}$ 1 , $g_{i}$
q ,
, $N/l$ . , $N(=2^{n})$ ,





. , $g_{1}$. ,


















































, $m_{2^{n}-1}m_{2^{n}-2}\cdots m_{1}m0$ $2^{n}$
2 . , $2^{\mathfrak{n}}/4$ 16
.
49
1: 2 ( : 40 : 0.80000)




, 4 : 000000 , 5 [4]



















[1] Jae Seung Lee, Yongwook Chung, Jaehyun $\mathrm{K}\mathrm{i}\mathrm{m}$ ,
$\mathrm{m}\mathrm{d}$ Soonchil Lee: “A Practieal Method of Con-
structing Quantum Combinational Logic Cir-
cuit\S ’’, 1999. LANL quant-Ph/9911053
[2] T. Sasao: $‘\iota \mathrm{A}\mathrm{n}$ Exact Minimization of AND-
EXOR Expressions Using Reduced Covering
FunctiOn8”, Proc. of the Synthesis and Simulation
Meeting and International Interchange, October
2022, 1993, PP. 374-383.
50
